Performance assessment in holistic approaches such as integrated natural resource management has to deal with a complex set of interacting and self-organizing natural and human systems and agents, all pursuing their ow n "interests" while also contributing to the development of the total system. Performance indicators must therefore reflect the viability of essential component systems as well as their contributions to the viability and performance of other component systems and the total system under study. A systems-based derivation of a comprehensive set of performance indicators first requires the identification of essential component systems, their mutual (often hierarchical or reciprocal) relationships, and their contributions to the performance of other component systems and the total system. The second step consists of identifying the indicators that represent the viability states of the component systems and the contributions of these component systems to the performance of the total system. The search for performance indicators is guided by the realization that essential interests (orientations or orientors) of systems and actors are shaped by both their characteristic functions and the fundamental and general properties of their system environments (e.g., normal environmental state, scarcity of resources, variety, variability, change, other coexisting systems). To be viable, a system must devote an essential minimum amount of attention to satisfying the "basic orientors" that respond to the properties of its environment. This fact can be used to define comprehensive and system-specific sets of performance indicators that reflect all important concerns. Often, qualitative indicators and the study of qualitative systems are sufficient for reliable performance assessments. However, this approach can also be formalized for quantitative computer-assisted assessment. Examples are presented of indicator sets for the sustainable development of regions, including the computer-based, time-dependent assessment of system performance using time-series data. Because of its systemstheoretical foundation, this approach avoids the problems of incompleteness and double-counting common in ad hoc methods of indicator selection.
INTRODUCTION
Competent management of real-world problems must recognize and account for real-w orld system complexity. Holistic approaches such as integrated natural resource management (INRM) and system dynamics are therefore spreading in a wide range of disciplines (Holling 1978 , Sterman 2000 . A crucial aspect of this development is the search for appropriate i di t f t f t d it l i f ti i t t t f li bl i l f t 14-Jun-11 Conservation Ecology: Assessing viabi… ecologyandsociety.org/vol5/iss2/art12/ 1/12
indicators of system performance to condense vital information into a compact set of reliable signals for management. The need for comprehensive indicator sets that assess system viability, performance, and sustainability is especially urgent in management for sustainable development at all levels, from the global to the village.
The search for appropriate indicators of sustainable development has been going on for many years at many different levels of society: small communities, cities, regions, countries, and the world as a whole. There seems to be general agreement that it is impossible to define only a single indicator of sustainable development, and that a substantial number of indicators are necessary to capture all the important aspects of sustainable development in a particular application (Becker 1997 , Hardi and Zdan 1997 , Moldan and Billharz 1997 , Meadows 1998 , Bossel 1999 . However, defining an appropriate set of indicators for sustainable development is a difficult task. If too few indicators are monitored, crucially important developments may escape attention. If a large number of indicators have to be examined, data acquisition and data analysis may become prohibitively expensive and time-consuming. Obviously, practical schemes cannot include indicators for everything. It is therefore essential to define a set of representative indicators that provide a comprehensive description, or as many as are essential, but no more. But what are the "essential" indicators?
In the past, this problem has been solved mostly by the intuitive assessment of experts familiar with a particular discipline such as economics, ecology, sociology, or engineering. Corresponding indicator sets are usually characterized by specific disciplinary biases, with gaping oversights in some critical areas and overly dense indicator specifications in others.
This paper describes a different system-based approach based on new developments in ecological and general systems theory (Müller and Leupelt 1998) . Development is seen as a coevolutionary process involving interacting systems in a common environment in which each system follows its own path of self-organization in response to the challenges of its particular environmental circumstances. The complex w eb of interacting systems can then be broken dow n recursively into a netw ork of individual systems, each of them determining its own fate and affecting that of one or more other systems. Indicators then have to be found to describe the performance of the individual system and its contribution to the performance of the other system(s). A first task in the search for a proper indicator set therefore consists of identifying the essential component systems and analyzing and defining the relevant system structure. Obviously, a considerable amount of aggregation and condensation is required at this point to keep the project within manageable dimensions.
The next step requires that essential indicators be found for the performance of each "affecting" system and its contribution to each "affected" system. Based on orientation theory (Bossel 1977 (Bossel , 1999 , it is argued that the essential indicators are those that provide a complete description of the state of satisfaction of the fundamental interests of each system, i.e., its basic orientors: existence, effectiveness, freedom of action, security, adaptability, coexistence, and psychological needs (for humans and for systems with humans as components). This leads to the selection of a comprehensive, but minimum, set of indicators that provide information about all essential aspects of viability, sustainability, and performance. In this context, "viability" means the ability to survive and develop, and "performance" refers to functions extending beyond mere viability requirements.
METHOD

Reality as a nested system of nested systems
Integrated (holistic) management typically has to deal with complex systems (Fig. 1) . The viability and performance of the total system of concern (e.g., a watershed region) depends on the viability and performance of each of several component systems (e.g., settlements, farming, the forest, the water system). Each of these is again dependent on the viability and performance of several subsystems (e.g., the farming system depends on the livestock, cropland, and family subsystems).
Fig.
1. An example of interacting nested systems. Integrated management has to deal with systems of this type. Subsystems contribute to the viability and performance of the component systems, which in turn contribute to the viability and performance of the total system. 14-Jun-11 Conservation Ecology: Assessing viabi… ecologyandsociety.org/vol5/iss2/art12/ 2/12
For the following discussion, it is essential to remember that a system is more than its parts, i.e., its function is not merely the sum of the functions of its component systems. Rather, its function and viability emerge from the interactions of the component systems within the specific system structure. Component systems contribute to the whole by being individually viable and by contributing to the viability of other component systems and/or the total system. Individual component systems may be affected by other component systems as well as by system variables outside the boundaries of component systems.
Depending on the purpose and depth of a particular study, component systems may have to be further broken down into their component subsystems in a recursive manner to track the "viability chain" to some possible cause of performance deficiency in the total system. A system study is therefore essential. A key element of such a study is the recursively repeated relationship of affecting system vs. affected system. A system study will usually reveal many relationships and component systems that are important to the operation and viability of the total system even though they may not be immediately obvious. It may also reveal deficiencies on different levels of the system hierarchy, i.e., on different scales. It is therefore often necessary and entirely appropriate to develop indicator systems that consist of crucial indicators on very different scales, as in the Seattle example discussed below. Moreover, indicator sets should allow for dynamic change, because other indicators on different scales may become more appropriate during the course of dynamic changes in the system, in particular, during Schumpeter-Holling cycles.
Different kinds of relationships have to be considered when examining systems. All systems depend to some degree on the resource-providing and w aste-absorbing capacities of their environments. Most systems interact with other systems that are essential to their viability. Many interactions are hierarchical, with systems controlling subsystems and subsystems contributing to the functioning of the systems that contribute to the functioning of a suprasystem, etc. The viability and performance of the total system depend on the viability and performance of many, but not necessarily all, of its subsystems.
At the level of the total system, the task is to find indicators that provide reliable information about its viability and performance, much as a thermometer is used to determine the health of a person (Fig. 2 ). In the case of the nested systems we usually encounter in the real world ( Fig. 1) , two sets of indicators are required for every system-subsystem relationship (Fig. 3) . One set is required for determining subsystem viability and performance, whereas a second set is needed to assess the contribution of the subsystem to the viability and performance of the system as a whole. This duality of indicators is repeated at every level of the system hierarchy.
Fig. 2.
Influence of the environment on system viability. The performance indicators for a given system must reflect its viability and performance under the effects of its particular environment. Fig. 3 . Illustration of the contribution of subsystem viability to the viability of the overall system. Generally, the viability and performance of a system depend on the viability and performanc e of its subsystems. Subsystem indicators must reflect, first, the viability and performance of the subsystem and, second, its contribution to the viability and performance of the overall system. 14-Jun-11 Conservation Ecology: Assessing viabi… ecologyandsociety.org/vol5/iss2/art12/ 3/12
This paper deals with a practical procedure for finding appropriate indicators. It has several distinct steps:
Obtaining a conceptual understanding of the total system. We cannot hope to find indicators that represent the viability of systems and their component systems unless we have at least a crude, but essentially realistic, understanding of the total system and its essential component systems. This requires a conceptual understanding in the form of at least a good mental model.
Identifying representative indicators.
We have to select a small number of representative indicators from a vast number of potential candidates in the system and its component systems. This means concentrating on the variables of those component systems that are essential to the viability and performance of the total system.
Assessing performance based on indicator states. We must find measures that express the viability and performance of component systems and the total system. This requires translating indicator information into appropriate viability and performance measures.
Developing a participative process. The previous three steps require a large number of choices that necessarily reflect the knowledge and values of those who make them. In holistic management, it is therefore essential to bring in a wide spectrum of knowledge, experience, mental models, and social and environmental concerns to ensure that a comprehensive indicator set and proper performance measures are found.
Matching a system to its environment: viability and basic orientors
At all levels of analysis, systems operate and must be viable in a particular, and variable, system environment. This system environment usually contains other systems that affect the particular system and/or are affected by it. For example, a human society depends on the natural environment and the systems in it for vital resources, which society in turn affects through its actions and waste streams.
The viability and performance of a particular system are therefore determined by (1) its characteristic system functions and (2) the characteristic properties of its particular system environment and of the systems in this environment. Viability implies that the two sets of characteristics must match in some way, because a system can survive and develop only in an environment to which it is adapted, or w hich has adapted to it. Fish have adapted their form and function for viability in their aquatic environment, but this particular adaptation is deadly in a terrestrial environment. The key to understanding viability and performance therefore lies in understanding the challenges of a particular environment.
There is obviously an immense variety of particular system environments, just as there is an immense variety of systems. However, the analysis is greatly simplified by the observation that all system environments have certain fundamental properties. System environments are characterized by these six fundamental environmental properties (Bossel 1998 (Bossel , 1999 :
A normal environmental state. The actual environmental state can vary within a certain range and still remain normal.
Resource scarcity. The resources (energy, matter, information, etc.) required for a system's survival and development are not immediately available when and where needed.
Variety. The system environment is seldom uniform; many qualitatively different processes and patterns of environmental variables occur and appear in the environment both constantly and intermittently.
Variability. The state of the environment fluctuates within the normal environmental range in random ways, and these fluctuations occasionally take the environment outside this range.
Change. Over time, the normal environmental state may gradually or abruptly change to a permanently different normal environmental state.
Other systems. The environment contains other systems or agents whose behavior may have system-specific significance for the given system.
Applied in the context of human society, these fundamental environmental properties constrain development possibilities and limit management opportunities on all spatial scales. The normal environmental state in which humankind must develop is characterized by laws of nature and logic that cannot be broken and that limit the spectrum of possible physical, technical, and biological processes. The possibilities are further limited by the resource constraints of the global environment: available space; the waste-absorption capacity of soils, rivers, oceans, and atmosphere; the availability of renewable and nonrenewable resources; soil fertility; and climate. Some of these are state limitations (e.g., the amount of nonrenewable resources); others are rate limitations (e.g., the maximum rate of waste absorption). Variety is
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introduced by a w ide spectrum of geological and climatic conditions, ecosystems, animal and plant species, cultures, languages, organizations, political systems, and technical solutions. Variability is introduced by unpredictable weather and other natural phenomena, random events, the spontaneous behavior of humans, or the population dynamics of organisms. Permanent changes in the normal environmental state result from the irreversibility of many developments; the coevolution of systems, organisms, and the environment; the modification of climate and the natural environment by humans, their technology, and their wastes; the depletion of resources; and changing human organizations, values, and aspirations. The many processes of the real world, which operate at different time scales ranging from seconds to centuries, often dictate the pace of development and determine the dynamics of change. Finally, human society is a composite of interacting systems that depend on the dynamic functions of more or less autonomous natural systems. Each of these systems is in some way dependent on, interacts with, or affects other systems. As the behavior of one system affects the "interests" of another, it often provokes an active response that negatively influences its own interests. This type of reaction is qualitatively different from the passive compliance of the environment.
These fundamental properties of the environment are each unique, i.e., no fundamental property can be expressed by any combination of other fundamental properties. If we w ant to describe a system's environment fully, we have to say something about each of these properties. What is the normal environment? What resources are available in the environment? How rare are they? How are they distributed? How much diversity and variety exist in the environment? How variable is it? What are the trends toward change in the environment? What other actor systems and interests have to be respected in one w ay or another?
A system can be viable and sustainable only if the constraints imposed by the fundamental environmental properties are respected. This requirement imposes certain orientations or interests on systems in the course of their self-organizing or coevolutionary development. Systems fail when they do not respect the constraints of their environments. This is true for species shaped by thousands of generations of evolution as well as for the technologies or organizations developed by humans. The terms "orientation" and "interest" as used here do not imply any consciousness on the part of the system. A system is said to have an interest or orientation if it can be observed to express a preference (e.g., a plant growing toward light).
The six fundamental environmental properties cause six respective interests or orientations in self-organizing systems such as the organisms and organizations that constitute and support human society) (Fig. 4 ). For such systems to be viable and sustainable, they must pay sufficient attention to and satisfy each of their basic orientors (Bossel 1977 (Bossel , 1999 :
Existence. The system must be compatible with and able to exist in the normal environmental state. The information, energy, and material inputs needed to sustain the system must be available.
Effectiveness. The system should, on balance over the long term, be effective (not necessarily efficient) in its efforts to secure required scarce resources (information, matter, energy) and to exert influence on its environment when necessary.
Freedom of action. The system must have the ability to cope in various ways with the challenges posed by environmental variety.
Security. The system must be able to protect itself from the detrimental effects of environmental variability, i.e., variable, fluctuating, and unpredictable conditions outside the normal environmental state.
Adaptability. The system should be able to learn, adapt, and self-organize to generate more appropriate responses to the challenges posed by environmental change.
Coexistence. The system must be able to modify its behavior to respond appropriately to the behavior of the other systems in its environment.
Psychological needs. These constitute an additional orientor for sentient beings.
Fig. 4.
Basic system orientors. These orientors emerge in response to the fundamental properties of the system environment.
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System orientation for viability and performance is a two-phase assessment process. Each of the basic orientors stands for a unique requirement. First, a certain minimum satisfaction must be obtained separately for each of the orientors to ensure viability. A deficit in even one of the orientors threatens the viability of the whole system. The system will have to focus its attention on this deficit. Compensation for deficits by the overfulfillment of other basic orientors is not possible. For example, a surplus of security cannot compensate for a deficit of freedom in a society. Second, only if the required minimum satisfaction of all the basic orientors is guaranteed, is it permissible to try to raise system performance by further improving the satisfaction of individual orientors.
Characteristic differences in the behavior ("life strategies") of organisms or of humans or human systems (organizations, political or cultural groups) can often be explained by differences in the relative importance attached to different orientors (i.e., the emphasis on freedom or security or effectiveness or adaptability) after the minimum requirements for all the basic orientors have been satisfied (Krebs and Bossel 1997) . Such an emphasis may improve performance and provide a competitive advantage. Development, and in particular sustainable development, is therefore possible along many different paths, provided that minimum viability requirements are met.
Using basic orientors to guide indicator selection
Because it is obviously better adapted to its environment, the system that most effectively satisfies all its basic orientors will have better fitness and better performance (Krebs and Bossel 1997) . Assessment of orientor satisfaction therefore provides a measure of system viability and performance in a given environment. This can be done by identifying the indicators that provide information about how well each of the orientors is being fulfilled at a given time. In this context, the basic orientors can serve as a checklist for asking a set of questions whose answers provide an assessment of viability and system performance.
The application of these concepts is complicated by the fact that reality consists of w ebs of linked and interacting systems. The general relationship between two systems is always based on the fact that System A affects System B.
Hierarchical dependencies (individuals support community schools, community schools supply qualified labor, qualified labor increases the gross national product, corresponding tax income pays for the health care system) and feedback loops (better health care benefits individual families) are possible. To assess sustainability, we have to find indicators for each essential system within the total system in each orientor category that can answer two sets of questions. First, how viable is each system, i.e., how satisfied is each basic orientor of that system? Second, how does a given system contribute to the viability (the basic orientors) of another system or the total system? For chains of dependencies, this scheme must be applied in a recursive fashion (Fig. 5) . We find the same duality of indicators and assessment in all walks of life: the farmer is interested in the health of his cow and the amount of milk it produces for him, the forester checks the vitality of the forest and its timber production, the operator of a power plant keeps pressures and temperatures within a safe range and measures power output, the pilot has instruments that help him fly safely and indicate the direction to and distance from his destination, a minister of economics checks the health of the economy and its contribution to the GNP and government revenues.
Fig. 5.
Viability chains in nested systems. The viability and performanc e of the total system depend on its component systems, which depend on their own subsystems, which depend on subsubsystems, etc. Each subsystem must not only be viable (symbolized here by the orientor star) but also contribute to the viability of its suprasystem (bracket and arrow).
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The first set of questions that define relevant indicators of sustainability concerns the viability and performance of the (sub)system under consideration (Bossel 1999) :
Existence. Is the system compatible with and able to exist in its environment?
Effectiveness. Is it effective and efficient in its processes and operations?
Freedom of action. Does it have the freedom and ability to respond to environmental variety?
Security. Is it secure, safe, and stable despite a variable and unpredictable environment?
Adaptability. Can it adapt to new challenges from its changing environment?
Coexistence. Is it compatible with interacting systems?
Psychological needs. Is it compatible with the psychological needs relevant to this system?
The second set of questions defines the indicators that can be used to assess the contributions of a given system to the viability and sustainability of an affected system. These questions examine the contribution of the given system to the satisfaction of basic orientor x (existence, effectiveness, freedom of action, security, adaptability, coexistence, psychological needs) of the affected system (see Bossel 1999 ).
The number of indicators to be observed depends on the number of systems recognized as essential for the viability and performance of the total system and on the level of permissible aggregation. Using a functional approach, the essential component systems of human development are commonly distinguished by the capital assets (state variables, stocks) that supply human livelihoods. The w idely used "livelihoods framework" recognizes five essential capitals: human, natural, financial, social, and physical (Carney 1998 , Bebbington 1999 , Campbell et al. 2001 ). Other authors add "organizational capital" as a sixth essential capital that has a particular relevance in development problems (Bossel 1998 (Bossel , 1999 . The distinction between these component systems is made on system-functional grounds (in Bossel 1998) and does not coincide with traditional disciplinary boundaries. Each component system is defined by its relative autonomy and the much greater connectivity of variables within this system than across its boundaries (more details concerning these system aspects are available in Bossel 1998:100 ff).
For the sustainable development of human society on any spatial scale from village to global, it is necessary to observe indicators that represent all six essential systems or capitals. For many purposes, it is possible to aggregate to three essential subsystems (Fig. 6 ): the human system (the human, social, and organizational aspects), the support system (the physical and financial aspects, i.e., the infrastructure and economy), and the natural system (the environment and resources). To determine how sustainable each of these systems is and its respective contribution to the total system requires 7 x 3 x 2 = 42 indicators. This number is probably near the upper limit for practical applications.
Fig. 6.
Performance indicators for regional systems. In studies of sustainable development, performance indicators for regional systems at any spatial scale must reflect the viability and performance of the three essential component systems (human, support, and natural) and their contributions to the total system. The three component systems are functionally distinct and autonomous to a certain degree.
14-Jun-11 Conservation Ecology: Assessing viabi… ecologyandsociety.org/vol5/iss2/art12/ 7/12
A detailed analysis based on this scheme w ill, in most cases, produce a large number of component systems, long "viability chains" of nested systems, and many potential indicators. A typical example is presented in Fig. 5 . Furthermore, there will generally be several, perhaps many, appropriate indicators that correspond to each of the assessment questions. It is therefore essential to condense the systems analysis and the indicator set as much as possible without losing essential information. There are several w ays to do this:
Use the highest level of aggregation possible. For example, when this type of analysis is applied to regional development (Fig. 6) , the many subsystems are aggregated into only three component systems: human, support, and natural. Weakest-link approach. Identify the weakest links in the system and define appropriate indicators. Do not bother with other components that may be vital but pose no viability threat under foreseeable circumstances. For example, the availability of water (not fertilizer, labor, or farm machinery) is the weakest link in dryland agriculture, whereas, in another context, the weakest link might be the availability of sanitary waste disposal.
Basket average. If several indicators representing somewhat different aspects of an orientor question should all be considered, define an index that provides an average reading of the situation. One such example might be the representative "basket" of consumer goods used in economic statistics.
Basket minimum. If the satisfaction of a particular orientor depends on the acceptable state of each of several indicators, adopt the one with the worst performance at the time of the analysis as the representative indicator. Note that this indicator could change as the system develops. For example, soil nutrient content could be measured in terms of the least available nutrient, i.e., the one that most limits soil productivity.
Representative indicator. Identify the variable that provides reliable information that is characteristic of a whole complex situation. For example, the relative abundance of lichen could serve as an indicator of air pollution. When using a representative indicator, it is particularly important to state clearly what it is supposed to represent.
Subjective viability assessment.
If little quantitative information for a vital component system is available, use a summary subjective viability assessment. For example, in many cases the viability of a system can be adequately assessed by a subjective impression of the "health" (or lack of it) of a component system such as a person, animal, forest, or company. Note that each indicator has been chosen to represent only one particular aspect of orientor assessment. It must therefore be understood as representing certain orientor-relevant trends and judged under that particular aspect only, not under others to which it may also be related. Note further that the application of these rules for generating an efficient indicator set may result in a collection of indicators that represent very different scales (e.g., local waste disposal, the national judicial system). The important criterion is whether the indicator correctly represents current system viability.
Even with a solid scientific approach based on physical facts as w ell as systems theory and analysis, indicator sets cannot be defined w ithout a significant amount of subjective choice. We therefore should not be surprised if researchers using the same data and scientific method produce different indicator sets. Although on the surface this may appear to be another of those cases where scientists cannot agree, these indicator sets are far from arbitrary selections. If indicators have been selected to represent basic orientor satisfaction of essential systems, sustainability assessments should produce comparable results even when the indicator sets are completely different.
It is useful to recall the areas in which subjective choice is inevitable in the process of determining an indicator set. Some of this subjectivity is due to differences in objective knowledge, whereas some is the result of divergent normative 14-Jun-11
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Knowledge about and perception of the total system. What is our model of the total system? How are the subsystems organized and interconnected? Time horizon. How far should we try to look ahead? Systemic horizon. Should only essential systems be observed, or should nonessential systems (e.g., rare species with no economic value) also be included?
Interests of the observer/manager. What information is of interest for various reasons?
Ethics and normative preferences thus enter into the selection of indicators in at least three ways: (1) in the selection of the systems to be included in the assessment, including ourselves, our descendants (and even ancestors), and other species, organisms, and systems (human, political, cultural, technical, and ecological); (2) in the relative weights (importance) we assign to ourselves and to all the other systems; and (3) in the relative emphasis we put on the different interests corresponding to the basic orientors, particularly our own.
MEASURING VIABILITY AND PERFORMANCE
Although subjective qualitative assessment of viability and performance using the basic orientor scheme suffices in many cases, a more formalized quantitative procedure is required if results are to be reproducible or assessments compared. Quantification of the indicator/orientor relationships (the impact functions) is essential, particularly if the assessment procedure is computerized and a time series of indicators is used to produce a dynamic assessment. Impact functions capture the subjective assessment of how a particular indicator state contributes to the orientor satisfaction of a system. Using these functions, a set of indicators reflecting the time-dependent system state can be mapped on the basic orientors to produce information about the dynamics of viability and performance, as described below.
Relative (nondimensional) quantification of orientor satisfaction is simple if two numerical indicators can be meaningfully related. To stay viable, a system must be able to respond or adapt to threats before they do serious damage. This suggests that it is advisable to concentrate on indicators that relate the rates of viability threats (threats to a system's basic orientors) to the rates of evasive system response, or their respective inverse, the respite time to the response time (Biesiot 1997 , Bossel 1999 . These two quantitative measures will often be available from system observations. They can be combined in a nondimensional indicator by taking the ratio of the rate of system response to the rate of system or environmental change caused by a particular threat. If this measure is greater than one, the system is viable (with respect to that particular orientor); if it is less than one, the system's viability is threatened. Viability means that the system can cope w ith challenges and w ill not be overwhelmed by them, i.e., that its responses can outpace the threats to it. For example, the regeneration rate vs. the harvesting rate can be used to measure the "existence" of a basic orientor such as a vital resource.
RESULTS
Indicators of sustainable development for a region
As a general rule, indicators of sustainable development will be region-specific, with "region" defined using an ecoregional scale of analysis. These indicators will express the specific characteristics of the systems under study and their particular environments. Comprehensive indicator sets for sustainability assessment have been developed for many cities and regions (Hardi and Zdan 1997) . Examples of recent applications of orientation theory to the development of comprehensive indicator sets of sustainable development are found in Bossel (1999) and Ömer (2000) for Austria, Mothibi (1999) for Botswana, and Peet and Bossel (2000) for New Zealand. In earlier applications of orientation theory, indicator sets were derived for the energy supply system, the health care system, information and communication technologies, and agricultural production, among others (Bossel et al. 1989) .
A famous and often cited example of indicators of sustainable development is the set derived for the city of Seattle. This set was the result of a long process of discussion and development that involved intensive citizen participation (Hardi and Zdan 1997) . The Seattle indicators are all quantitative, on a local scale, and based on locally available data. Their relative changes are reported at regular intervals, pinpointing corresponding improvements or declines in the viability and performance of the Seattle system. This set of indicators (short names only) is presented in an orientor-based scheme (Fig. 7) that corresponds to the three essential, functionally defined subsystems, i.e., the human, support, and natural systems seen in Fig. 6 . In Fig. 7 , the three sets of indicators on the left provide information about the viability and performance of each individual subsystem. Consider, for example, the indicators for basic orientor adaptability (A), in which the indicator "adult literacy" is used as a measure of the adaptability of "human capital" because it correlates with level of education and the ability to adapt to new challenges. The indicator "vehicle miles traveled and fuel consumption" is used to represent the adaptability of "built capital," where the dominance of road transportation indicates a limited ability to adapt the support system to, say, a fuel shortage. The indicator "biodiversity" measures the adaptability of "natural capital," i.e., species and genetic diversity, w hen it comes to maintaining the functions of the natural environment under changing conditions. suggested additional indicators that were not on the original list. In this context, the basic orientors or fundamental interests of the system are as follows: X = existence, E = effectiveness, F = freedom of ac tion, S = sec urity, A = adaptability, C = coexistenc e, P = psychological needs.
The three sets of indicators on the right express the contributions of each of the three subsystems to the viability and performance of the total system, i.e., the anthroposphere composed of the three essential subsystems: human, support, and natural. For example, the indicator "youth involvement in community service" is chosen to reflect the contribution of the human system to the adaptability of the total system, and a more caring, active, flexible, and futureoriented attitude can be expected if this value is high. The indicator "library and community center usage" measures the quality and quantity of the contribution of the support system to the adaptability of the total system, i.e., the potential for ongoing education, innovation, and social (re)organization. The indicator "wetlands" is a measure of the contribution of the natural system to the adaptability of the total system: wild, uncultivated areas represent adaptive potential for the total system and for its human, built, and natural capitals.
There is excellent correspondence between the Seattle set and the orientor-based scheme, although the original indicators were derived without reference to orientation theory. This seems to indicate that the Seattle indicators are indeed comprehensive, covering all important aspects of basic orientor fulfillment for viability and sustainability.
Formalized quantitative performance assessment
In Bossel (1999) , the formalized method of dynamic orientor assessment is demonstrated using empirical time-series data for selected indicators from the database of the Worldwatch Institute (Worldwatch 1999) for 1950-2000. A set of 21 indicators is used (seven basic orientors and three component systems: human, support, and natural). The 21 indicators from the Worldwatch database were chosen for their ability to provide answers to the corresponding 21 orientor assessment questions.
What each of the indicators means for the respective orientor must be expressed in terms of the impact function. Except for simple cases and Biesiot-type indicators, there is currently no method to objectively measure indicator impact on orientor satisfaction (e.g., how does a particular groundw ater level contribute to the "security" of the "natural system?"). These impact functions must therefore be generated by subjective assessments. To capture the spectrum of subjectivity, it will often be essential to incorporate the view points of different stakeholders in competing assessments and to compare the results, which will often not differ substantially.
Orientor star or "radar" diagrams can be used to reflect orientor satisfaction for each of the component systems and the total system (see Fig. 8 for orientor stars for the natural system). This time sequence clearly brings out the dynamics of stresses and threats to a system and makes it possible to trace their origins. In another approach (Peet and Bossel 2000) that is particularly well-suited for spreadsheet assessments, the degree of basic orientor satisfaction is colorcoded: green for good or excellent, yellow for satisfactory, red for unsatisfactory or bad.
14-Jun-11 Conservation Ecology: Assessing viabi… ecologyandsociety.org/vol5/iss2/art12/ 10/12 Fig. 8 . Orientor stars for the natural system (the environment and resources) resulting from a viability assessment using the Worldwatch data series for 1950-2000 after Bossel (1999) . Assessment scale: 0-1 = unacceptable, 1-2 = dangerous, 2-3 = good, 3-4 = excellent. The axes represent the seven basic orientor states described in Fig. 7 .
DISCUSSION
The systematic and theory-based nature of the orientor method of determining indicators is important. We are not simply asking people to find and agree on a set of indicators; we are asking them to find answers (indicators) to very specific questions concerning all the vital aspects of viability and system performance, i.e., the basic orientors. In this structured approach based on systems theory and empirical evidence, we can be reasonably confident of obtaining a comprehensive set of indicators that cover all important aspects of systems viability and performance. The method avoids both unnecessary "bunching" of redundant indicators in some areas and gaping holes resulting from oversight and neglect in others.
Although it is advisable to choose indicators that allow unambiguous quantification, and hence comparison with conditions at other points in time or in other regions, this is not a necessity with the method proposed here. The important point is that the indicators chosen provide us with reliable answ ers to the different orientor assessment questions. If satisfactory qualitative answers are obtained in all categories for all the subsystems and the total system, we can conclude that the system is (currently) viable and performing satisfactorily. Even if only one of the categories is in an unsatisfactory state, this could indicate the existence of a problem with the potential to endanger viability and development.
From the many applications to date, it can be concluded that a systems approach using orientor concepts can be a very useful tool, not only for defining comprehensive indicator sets for system viability and performance, but also for checking existing indicator sets for completeness (in the mathematical sense of covering all essential aspects) and possible redundancy. It provides systematic guidance for a comprehensive indicator search, thus minimizing the danger of overlooking essential areas or overemphasizing others.
In a broader context, regarding indicators as reflections of the fundamental interests (basic orientors) of all participants and affected systems puts a solid foundation under the search for indicator sets and removes much of the arbitrariness implicit in current and proposed indicator sets. It turns the focus from an uncertain ad hoc search and bargaining process to a much more systematic procedure with a clear goal: to find indicators that represent all the important aspects of viability, sustainability, and performance.
RESPONSES TO THIS ARTICLE
Responses to this article are invited. If accepted for publication, your response will be hyperlinked to the article. To submit a comment, follow this link. To read comments already accepted, follow this link.
